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Previewsdifferences between lean versus fat-en-
riched muscles that undergo such
trauma. Finally it will be interesting to
explore whether ‘‘financing’’ efficient re-
modeling via activation of AMPK presents
a viable therapeutic opportunity for indi-
viduals recovering from surgery or
trauma.REFERENCES
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Extensive transcriptional networks maintain sterol homeostasis across species, underscoring the impor-
tance of sterol balance for healthy life. Magner et al. (2013) now show that, in C. elegans, the nuclear receptor
NHR-8 is key in regulation of cholesterol balance and production of dafachronic acid, a bile acid-like steroid
that controls longevity.Cholesterol is a structural component of
cell membranes and a precursor of
steroid hormones and bile acids, and is
therefore essential for development and
health. Both cholesterol excess and
cholesterol deficiency can have detri-
mental effects on health, and a myriad of
regulatory processes have thus evolved
to control the metabolic pathways of
sterol metabolism. Much of our knowl-
edge of these systems, their rate-
controlling processes, and how they
mechanistically affect health and life
span comes from studies on the nema-
tode C. elegans. Nematodes are auxotro-
phic for sterols: in contrast to mammals,
they cannot synthesize cholesterol, and
dietary supply is therefore essential for
survival (Kurzchalia and Ward, 2003). A
few years ago, a cholesterol metabolite
called dafachronic acid (DA) was shown
to modulate life span in C. elegans
through activation of the nuclear receptor
DAF-12 (Gerisch et al., 2007). DAF-12 is
related to the vertebrate Farnesoid X
receptor (FXR) (Gerisch et al., 2007) and
has been shown to play an important
role in the choice between reproduc-tive development and the dauer dia-
pause, a long-lived state activated under
unfavorable environmental conditions in
C. elegans.
The pathway of DA synthesis from
cholesterol in C. elegans has been eluci-
dated in earlier work of Antebi and col-
leagues, but until now little was known
about the transcription factors involved
in regulation of cholesterol homeostasis
itself. Exactly this missing link is ad-
dressed by Magner et al. (2013) in this
issue ofCell Metabolism. The authors pre-
sent evidence showing that NHR-8, the
C. elegans homolog of the vertebrate
nuclear receptor LXR, regulates choles-
terol balance and, by doing so, DA
synthesis and signaling.
Magner et al. (2013) identified nhr-8 in
RNAi enhancer screens on daf-36/Rieske
oxygenase null mutants, which are char-
acterized by diminished DA levels. When
kept in growth media lacking cholesterol,
nhr-8 mutants show increased dauer
formation along with gonadal migration
defects, two phenotypes characteristic
of reduced DA signaling. Accordingly,
induced loss of nhr-8 also resulted inreduced levels of DA. Magner et al. found
that NHR-8 is primarily expressed in
nuclei in the intestine, which constitutes
the major metabolic organ of C. elegans.
Detailed studies then examined DNA
binding domain- and ligand binding
domain-defective nhr-8 mutants, as well
as a series of other mutants with affected
cholesterol-DA metabolism that were
grown in the absence or presence of
dietary cholesterol. These studies con-
vincingly demonstrate that nhr-8 exerts
its regulatory functions, at least in part,
through modulation of DA signaling via
daf-12 through interference with choles-
terol availability for DA production. nhr-8
deficiency decreased DA content, partic-
ularly in the absence of cholesterol in the
culture medium. The nhr-8mutant pheno-
types could be rescued by supplementa-
tion of cholesterol or its precursors as
well as by DA itself. nhr-8 mutants also
showed changes in the expression levels
of genes involved in fatty acid metabolism
such as fat-2, fat-5, fat-7, and elo-1 and,
accordingly, in the relative contents of
saturated versus mono- and polyunsatu-
rated fatty acids. Interestingly, although8, August 6, 2013 ª2013 Elsevier Inc. 151
Figure 1. C. elegans NHR-8 and Mammalian LXR Control of Dauer State and Longevity
TheC. elegans nuclear receptor NHR-8 controls fatty acid saturation. It also regulates cholesterol homeo-
stasis and makes the sterol available for dafachronic acid synthesis, which, via DAF-12, inhibits the
transition to the dauer state under unfavorable conditions while increasing longevity under favorable con-
ditions. The mammalian homolog liver X receptor (LXR) controls fatty acid and triglyceride (TG) synthesis,
controls cholesterol homeostasis, and stimulates bile acid synthesis; bile acids bind the nuclear receptor
Farnesoid X receptor (FXR). FXR inhibits bile acid synthesis via a complex feedback inhibition pathway and
may control transition to torpor in rodents. In addition, bile acids may increase longevity in mammals.
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Previewsthey were dauer-prone, nhr-8 mutants
showed reduced fertility and longevity,
possibly related to altered patterns in lipid
storage.
The intriguing question that arises from
this study is whether these results can be
translated to comparable aspects of
mammalian metabolism, and a cautionary
note should be expressed here. The
C. elegans literature consistently refers
to DA as a bile acid. Because nematodes
produce no bile, this misnomer is prob-
ably based on the presence of a carbox-
ylic acid at the side chain of the C27
steroid molecule. Identifying DA as a bile
acid or bile acid-like molecule may be
misleading. Mammalian bile acids are 24
carbon atom steroidal carboxylic acids.
The primary bile acids in humans, cholic
acid and chenodeoxycholic acid, are syn-
thesized in the liver and conjugated with
taurine or glycine prior to their secretion
via bile into the intestine. Conjugated
bile acids are clearly distinct from DA,
not only because of the conjugated amino
acid but also because of the one to three
hydroxyl groups at their steroid nucleus,
which renders them more hydrophilic. A
common physical-chemical property of
the complex bile acid family is their
amphipathic nature, which is important
for bile acid function and signaling in
mammals. That being said, it is of interest
to try and compare the reported DA activ-152 Cell Metabolism 18, August 6, 2013 ª201ity to bile acid action in mammals. Magner
et al. (2013) suggest that NHR-8 may be a
liver X receptor (LXR) homolog. Although
both NHR-8 and LXR play key roles in
cholesterol homeostasis, it is important
to note that in mammals a complete
gene network controlled by LXR functions
to export cholesterol from the body. In
contrast, in the nematode, NHR-8 ap-
pears primarily to account for cholesterol
import and transport to the site where
the sterol can be converted to DA, inhibit-
ing the progression of C. elegans to the
dauer state (see Figure 1). A state analo-
gous to dauer in mammals may be torpor.
Interestingly, Cariou and coworkers (Car-
iou et al., 2007) reported that FXR
knockout mice are sensitive to hypother-
mia and more rapidly go into torpor than
wild-type mice do. Daf-12 also shares
homology with themammalian nuclear re-
ceptor SXR/PXR that is involved in regula-
tion of xenobiotic detoxification genes.
Hydrophobic bile acids, such as monohy-
droxylated lithocholic acid, activate this
receptor and may be involved in the regu-
lation of longevity as seen in Little mice
(Amador-Noguez et al., 2007). These
long-lived dwarf-like mice (Ghrhrlit/lit) are
defective in secretion of growth hormone
(GH) and hence have low levels of both
GH and IGF-1 in the circulation. The Little
mice show considerably elevated levels of
bile acids in the bile, serum, and liver,3 Elsevier Inc.probably inducing expression of xenobi-
otic detoxification genes (Amador-
Noguez et al., 2007). Upregulation of
these genes may correlate with longevity
in a number of species, including humans,
although conclusive evidence for this as-
sociation is still lacking (Slagboom et al.,
2011). A similar influence of bile acids
such as lithocholic acid on chronological
life span has been reported in yeast (Gold-
berg et al., 2010).
Elucidation of the role of NHR-8 in nem-
atode cholesterol homeostasis has added
a valuable new piece of information. Yet, it
is evident that the puzzle remains incom-
plete, and many mechanistic questions
have yet to be answered. For instance,
how does NHR-8 actually regulate
cholesterol homeostasis? And impor-
tantly, this orphan receptor still needs to
be adopted by its ligand; it will be inter-
esting to investigate whether this is a
metabolite that signals cholesterol defi-
ciency. In humans, high cholesterol levels
have been linked to cardiovascular dis-
ease. If the nematode data, showing that
shortage of cholesterol decreases life
span, can be applied to humans, it may
be time for a paradigm shift. Regardless,
the existing data indicate that sterol meta-
bolism strongly impacts regulation of
metabolism and life span across species.
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